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DrGREF 606614spec 

TITLE OF INVENTION 

Analyser arrangements. 
FIELD OF INVENTION 

The present invention relates to analyser arrangements. 

More particvilarly, tibe present invention relates to analyser arrangements 
for spectral analysis of mineral compositions. 

BACKGROUND TO INVENTION 

In order to mianage and control mineral mining operations and processing 
plants, determination of mineralogical composition of various materials 
and minerals from in sito state, tiirough the entire process, ending up in 
final mineral products and plant waste discard, is required. Known 
metiiods include grain-counting techniques and laboratory chemical 
analysis. However, in some cases automation of this process does not 
produce reliable results and only manual metiiods prove to be reliable. 
Furtiiermore, titie determination of elemental chemical composition alone 
(XRF - X-ray fluorescence spectrography) does not provide all the 
necessary information. Furtiiermore, due to die variabiUty in chemical 
composition it is not possible to utiHse tiiis method for tiie exact 
description of mineralogical composition. One of tiie main problems witii 
heavy mineral beneficiation plants is tiie continuous recycling of material 
because no real-time or insufficient control is available. Accordingly, 
automation of die mineral analysis procedure is required. 



(b) 



(c) 



(d) 



Furthemiore mineral analysis is reqioked for liie foUovdng: - 

(a) Determination of tiie areas of concern for geological surveys, i.e. 
remote sensing is beneficial to determine tiie occurrence of 
surface minerals; 

Interpretation of interpret geological surveys, i.e. mineral 
exploration samples need to be analysed; 

Controlling tiie mining of specific mineral deposits, i.e. mineral 
samples firom tiie proposed mining area need to be analysed; 

Controlling die quality of minerals being mined; i.e. periodically 
taken samples of the Run-Of-Mine minerals (ROM plant feed) 
need to be analysed; 

Designing, constructing and operating beneficiation plants 
(mineral processing plants and concentirators), i.e. samples of tiie 
expected ROM plant feed materkl need to be analysed prior to 
the design and construction thereof; and 

Operating mineral processing plants and concentrators, i.e. 
several operational parameters need to be repeatedly reset and 
tiieteby samples are taken firom different streams of plant feed 
conveyed tiirough tiie plant, final mineral products and plant 
waste discard, witii subsequent analysis of tiiese samples. 

It is an object of tiie invention to disclose analyser arrangements for 
specttal analysis of mineral compositions. 



(e) 
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SUMMARY OF INVENTION . 

According to the invention, an analyser arrangement for determining the 
composition of a mineral mixture, includes spectral analysis means for 
determining the composition of a mineral mixture, and suitable program 
software operatively associated with the spectral analysis means. 

Also, according to the invention, a method of determining the 
composition of a mineral mixture, includes the steps of 

(a) illuminating a mineral mixture to cause light reflection 
therefrom; 

(b) sensing the light reflected by the mineral mixture; 

(c) analysing the light reflected by tiie mineral mixture by spectral 
analysis to determine the composition of the mineral mixture; 
and 

(d) applying suitable program software operatively associated 
with steps (b) and/ or (c). 

The analysis may take place automatically and in real-time. 

The mineral mixture miay include minerals in situ, minerals conveyed in 
various ways and forms, such as bulk transport, streams, slurries, 
temporary or permanent stockpiles, or samples. 

The online spectral analysis means may include 

(a) illumination means for illuminating the mineral mixture to 
cause light reflection therefrom; 
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. (b) sensing means for sensing the Ught reflected by the naineral 
mixture; ; 

(c) a spectrometer for analysing information supplied by the 
sensing means, and thereby determining the spectral 

5 distribution of the reflected Ught; and 

(d) a data processor for evaluating information supplied by the 
spectrometer and thereby determining the composition of the 
mineral mixture. 

The spectrometer may be a single beam or a dual beam spectrometer. 

10 The spectral analysis means may include more than one spectrometer. 

An additional spectrometer may be included to monitor the illumination 
of the illumination means. 

The program software may be executable computer programme software 
or embedded binary code progcamme software. 

15 The illumination means and sensing means may be associated witii a 
probe. 

The probe may project partially or fully into the mineral mixture. 

The probe may be moved relative to tiie mineral mixture. 

A mechanical shield may be provided to shield the probe from tiie 
20 mineral mixture. 

A window encasing may be provided to protect the probe. 



6 



The mechanical shield may include sctaping means for scraping the 
surface of the mineral mixture for facilitating internal illumination and 
sensing of the mineral mixture. 

A light shield may be provided to limit external light from influencing the 
5 sensing of the sensing means. 

The probe may include optical fibres. 

The illumination means may include illuminating fibres. 

The sensing means may include sensing fibres. 

The illumination means may emit UV (ultra-violet), and/or visible and/or 
10 IR (infra-red) light 

The processor may identify coinerals in the mineral mixture by their 
spectral identities. 

The processor may calculate the quantity of each mineral in the mineral ^ 
mixture. 

15 The processor may be provided with a graphical user interface. 

The processor may be provided with a standard analog or digital industrial 
communications output. 

The analyser arrangement may provide real-time information of the 
mineral composition. 

The analyser arrangement may be provided with operation means for 

tomated control of the operating parameters and settings of a mineral 
processing plant or parts thereof 
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The analyser arrangement may be provided with an additional light 
sotirce. [ 

The analyser arrangement may be calibrated by setting up an operating 
procedure. 

The operating procedure may include the steps of 

(a) off-setting plant operating parameters, which have to be 
controlled, outside either extremities of optimal required 
mineral mixture plant settings; and 

(b) simultaneously computing operating parameters differences 
by means of defined analysis set up models and thereby 
obtaining desired configurations for mineral mixture ranges. 



The analyser arrangement may be calibrated manually, semi-automatically 
or automatically. 

--./The analyser arrangement may also be calibrated by using tiie results of a 
15 bench-top mineral analyser. 

Yet further according to the invention, an analyser arrangement for 
determining the composition of a mineral slurry flow, includes spectral 
analysis means for determining die composition of a mineral slurry flow, 
and suitable program software operatively associated witii tiie spectral 
20 analysis means. 

Yet furtiier according to tiie invention, a metiiod of determining the 
composition of a mineral slurry flow, includes die steps of 
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(a) iUiuninating a mineral slimy flow to cause light reflection 
therefrom and/or light transmission therethrough; : 

(b) sensing the light reflected by and/or transmitted through the 
mineral slurry flow; 

(c) analysing the light reflected by and/or transmitted through the 
mineral slurry flow by spectral analysis to determine the 
composition of the mineral slurry flow; and 

applying suitable program software operatively associated with 
steps (b) and/or (c). 

The online spectral analysis means may include 

(a) illumination means for illuminating the mineral slurry flow to 
cause light reflection therefrom and/ or light transmission 
therethrough; 

(b) sensing means for sensing tiie light reflected by and/ or light 
transmitted through tiae mineral slurry flow; 

(c) a spectrometer for analysing information supplied by the sensing 
means, and thereby determining the spectral distribution of the 
light reflected by and/or tcansmitted through the mineral slurry 
flow; and 

(d) a data processor for evaluating information supplied by the 
spectrometer and thereby determining tiie composition of die 
mineral slurry flow. 

The spectrometer may be a single beam or a dual beam spectrometer. 
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The spectral analysis means may include more than one spectrometer. 

An additional spectrometer may be included to monitor the illumination 
of the illumination means. 

The program software may be executable computer programme software 
5 or embedded binary code programme software. 

A durable window may be provided to allow the illumination means 
illuminating the mineral slurry flow and the sensing means for sensing the 
light 

The illumination means and sensing means may be associated with a 
10 probe. 

A mechanical shield may be provided to shield the probe from tiae 
mineral slurry flow. 

The mechanical shield may include a housing for insertion into the 
mineral slurry flow for facilitating internal illumination and sensing of the 
15 mineral slurry flow. 

A Ught shield may be provided to limit external light from influencing the 
sensing of die sensing means. 

The probe may include optical fibres. 

The illumination means may include illuminating fibres. . 
20 The sensing means may include sensing fibres. 

The illumination means may emit UV (ultira-violet), and/or visible and/or 
IR (infra-red) light. 
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The processor may identify minerals in the min'eral slurry flow by their 
spectral identities. ; 

The processor may be provided with a graphical user interface. 

The processor may be provided with a standard analog or digital industrial 
communications output. 

The processor may calculate the quantity of selected minerals in the 
mineral slurry flow. 

The analyser arrangement may provide real-time information of the 
mineral composition. 

The analyser arrangement may be provided with operation means for 
automated control of operating parameters and settings of a mineral 
processing pknt or parts thereof. 

The analyser arrangement may be provided with an additional light 
source. 

The analyser arrangement may be calibrated by setting up an operating 
procedure. 

The operating procedure may include the steps of • 

(a) off-setting plant operating parameters, which have to be 
controlled, outside eitiier extremities of optimal required 
mineral mixture plant settings; and 

(b) simultaneously computing operating parameters 
differences by means of defined analysis set up models 
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and thereby obtaining desired configurations for mineral 
mixture ranges. 

The analyser arrangement may be calibrated manually, semi-automatically 
or automatically. 

5 The analyser arrangement may also be calibrated by using the results of a 
bench-top mineral analyser. 

Yet further according to the invention, an analyser arrangement for 
determining the composition of a mineral sample, includes spectral 
analysis means for determining the composition of a mineral sample 
10 whilst being moved. 

Yet furdier according to the invention, an analyser arrangement for 
determining the composition of a mineral sample, includes 

(a) spectral analysis means for determining the composition of a 
mineral sample; 

,15 (t>) a probe associated with specttal analysis means; 

(c) support means for supporting a mineral sample; and 

(d) moving means for moving the mineral sample and the probe 
relatively to each other. 

Also, according to the invention, a method of determining the 
20 composition of a mineral sample, includes the steps of 

(a) moving a rnineral sample; ' 
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(b) ■ illuminating the mineral sample to cause light reflection 

therefrom and/or light transmission therethrough; 

(c) sensing tibe light reflected by and/or transmitted through the 
mineral sample; and 

(d) analysing the light reflected by and/or transmitted through the 
mineral sample by spectral analysis to determine the 
composition of the mineral sample. 

The spectral analysis means may include 

(a) moving means for moving a mineral sample; 

(b) illumination means for illuminating the mineral sample to cause 
light reflection therefrom and/ or light transmission 
therethrough; 

(c) sensing means for sensing the light reflected by and/ or light 
. transmitted through the mineral sample; , 

(d) a spectrometer for analysing information supplied by the sensing 
means, and thereby determining the spectral distribution of the 
light reflected by and/ or transmitted through the mineral 
sample; and 

(e) a data processor for evaluating information supplied by the 
spectrometer and thereby determining the composition of the 
mineral sample. 

The mineral sample may be wet or dry. 
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- The minerd sample may be moved by rotation and/or pivotation and/or 
oscillation and/or reciprocation and/ or translation. ; 

The spectrometer may be a single beam or a dual beam spectrometer. 

The spectral analysis means may include more than one spectrometer. 

5 An additional spectrometer may be included to monitor the illumination 
of the illumination means. 

^ The illumination means and sensing means may be associated with a 
probe. 

A light shield may be provided to limit external Hght firom influencing the 
10 sensing of the sensing means. 

The probe may include optical fibres. 

The illumination means may include illuminating fibres. 

- The sensing means may include sensing fibres. 

^ The illumination means may emit UV (ultra-violet), and/or visible and/or 
15 JR. (infra-red) light 

The processor may identify the specttal identities of minerals in the 
mineral sample. 

The processor may calculate tiie quantity of each mineral in the mineral 
sample. 

20 The results of the analyser arrangement may be used for calibrating any 
other mineral analyser arrangement 
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The analyser airangement may be provided witk an additional light 
: source. 

The analyser arrangement may be manually, semi-automatically or 
automatically calibrated. 



IS 



BRIEF DESCRIPTION OF DRAWINGS 

The invention will now be described by way of example with reference to 
the accompanying schematic drawings. 

In the drawings tiiere is shown in: 

Figure 1 : a perspective view of a first analyser arrangement in 
accordance with the invention; 

Figure 2: a front view of the analyser arrangement seen along arrow II 
in Figure 1; 

Figure 3: a top view of tiie analyser arrangement seen along arrow III 
in Figure 1; 

Figure 4: a sectional side view of the analyser arrangement seen along 
arrows IV-IV in Figure 3. 

Figure 5: a perspective view of a second analyser arrangement in 
accordance witii the invention; 

Figure 6: a sectional end view of the analyser arrangement seen along 
arrows VI-VI in Figure 5; 

Figure 7: a sectional top view of the analyser arrangement seen along 
arrows VII-VII in Figure 6; 

-.Figure 8: a sectional side view of the analyser arrangement seen along 
arrows VIII-VIII in Figure 7; 

Figure 9: a sectional view of a third analyser arrangement in accordance 
■with the invention. 
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Figure 10: a perspective view of a fourtii analyser arrangement in 
accordance with die invention; 

Figure 11: a front view of the analyser arrangement seen along arrow XI 
in Figure 10; 

Figure 12: a top view of the analyser arrangement seen along arrow XII 
in Figure 10; and 

Figure 13: a sectional side view of die analyser arrangement seen along 
arrows XIII-XIII in Figure 12. 

DETAILED DESCRIPTION OF DRAWINGS 

Referring to Figures 1 to 4, a first analyser arrangement for online analysis 
of a mineral stream in order to determine the composition of die mineral 
stream, generally indicated by reference numeral 10, is shown. 

The first analyser arrangement 10, in use located in proximity of mineral 
conveying means . 12, such as a conveying belt, and conveying a mineral 
stream 14 to be analysed, includes a probe 16 positioned close to tiie 
moving mineral stream 14. The mineral stream 14 in tiie embodiment 
example consists of dry minerals. 

The probe 16 is provided witii two types of optical fibres (not shown), 
illuminating fibres and sensing fibres. light emitted by die illuminating 
fibres is selectively reflected by die minerals in die mineral stream 14, and 
die reflected light is picked up by die sensing fibres, whereafter 
information is sent via die probe output 18 to a spectrometer (not shown) 
which senses die spectral distribution of die light reflected by die minerals 
in die mineral stream 14, and transmits die output to a data processor 
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(not shown). The output of the data processor includes seven 4-20 mA 
signals, each corresponding to a percentage of mineral occurrence. 

The first analyser arrangement 10 is associated with software being either 
an executable computer programme product or an embedded binary code 
5 program product. 

The light emitted by the illuminating fibres includes visible and NIR (near 
infira-red) reflected according to the mineral composition and imp\irities 
therein. Accordingly, the spectrometer is classified as a visible and NIR 
spectrometer. 

10 The processor thereafter identifies the digital output or spectral 
"fingerprints" of the different minerals in the mineral stream 14, and 
calculates the abundance of each mineral of concern in the mineral stream 
14. The processor output may include an operator user-fidendly interface 
or an industry standard analog or digital communications output 

15 Furthermore, the first analyser arrangement 10 is provided with, an 
additional light source 20 for illuminating the mineral stream 14. 

Also, the first analyser arrangement 10 is provided with a mechanical 
shield 22 to shield the probe 16 firom the mineral stream 14, i.e. for 
scraping the surface of the mineral stream 14 to enable the probe 16 to 
20 kitemally illuminate the mineral stream 14. 

Calibration of the analyser arrangement may be achieved by means of a 
bench-top analyser model where meaningfiil changes in the mineralogy of 
the mineral stream- 14 occurs. ....... 
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The implementation- of the analyser arrangement is achieved in various 
phases, namely: 

(a) Calibration phase; 

(b) Optional desktop analyser arrangement; and 

(c) ON-line analyser arrangement 

During the calibration phase, a representative set of mineral samples is 
obtained by the user. The number of known samples required at tiiis stage 
is n=(m+l)2, where n is the number of samples, and m is the number of 
mineral mixtures to be differentiated. The accuracy of the composition of 
tiiese samples determines tiie final accuracy of die analyser arrangement 
according to the invention. An analysis and training set for the specific set 
of minerals is performed, and an expected level of accuracy is calculated. 

During the desktop analyser arrangement phase, a desktop analyser, set up 
according to the results of the calibration phase, is constructed and 
includes: 

An industrial computer preloaded with analysis, caUbration and 
data storage software. 

At least one spectrometer. 

At least one light source, and 

At least one probe assembly. 

Initially; the system is provided witii rough caUbration and tuning, 
however final tuning has to be performed over a time span, for example 
four to eight weeks, in order to achieve fiall accuracy. 
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The spectral data of several sample? and thie .known values for these 
samples are determined and thereafter utilised for obtaining final tuning 
parameters, to be loaded in the bench top model calibration files. 

Finally, dxiring the on-line analyser arrangement phase, the on-line 
5 analyser arrangement in accordance with die invention is constructed. 

Accordingly, the first analyser arrangement 10 in accordance with die 
invention provides an arrangement and method to achieve accurate and 
firequent measurements of mineral streams in mineral processing 
operations. The on-line analyser arrangement provides mineral 
10 concentrator operations with real-time information of die mineral 
composition of mineral streams and provides die option of automatic 
plant settings and automated control or otiierwise die option of firequent 
and timely manual control of plant settings. 

Referring to Figures 5 to 8, a second analyser arrangement for online 
15 analysis of a mineral slurry flow in order to determine die composition of 
the mineral slurry flow, generally indicated by reference numeral 24, is 
shown. 

The second analyser arrangement 24, in use located in proximity of 
mineral conveying means 26, such as a pipe, conduit, or chute, and 
20 conveying a mineral slurry flow 28 to be analysed, includes a probe 30 
positioned within the moving mineral slurry flow 28. 

The probe 30 is provided widi two types of optical fibres (not shown), 
illuminating fibres and sensing fibres. Light emitted by die illuminating 
fibres is selectively reflected by die minerals in die mineral slurry flow 28, 
25 and die reflected Hght is picked up by die sensing fibres, whereafter 
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information is sent via the probe output 32 to a spectrometer (not shown) 
which senses the spectral distribution of the light reflected by the minerals 
in the mineral slurry flow 28, and transmits the digital output to a data 
processor (not shown). The data processor output includes seven 4-20 
mA signals, each corresponding to a percentage of mineral occurrence. 

The second analyser arrangement 24 is associated with software being 
either an executable computer programme product or an embedded 
binary code program product 

The light emitted by the illuminating fibres include visible and NIR (near 
infra-red) reflected from the slurry flow according to the mineral 
composition and impurities therein. Accordingly, the spectrometer is 
classified as a visible and NIR spectrometer. 

The processor thereafter identifies the digital output or spectral 
"fingerprints" of the different minerals in the mineral slurry flow 28, and 
calculates the abundance of each mineral of concern in the mineral 28. 
The processor output may include an operator user-fiiendly interface or 
an industry standard analog or digital communications output 

Also, the second analyser arrangement 24 is provided with a protective 
housing 34 to shield the probe 30 from the mineral slurry flow 28. The 
20 protective housing 34 is provided with a transparent window 36, angled at 
45° towards the oncoming slurry. The transparent window 36 is made of 
saphire-. 

CaUbration of the analyser arrangement may be achieved by means of a 
bench-top analyser model where meaningfiil changes in the mineralogy of 
25 the mineral slurry flow 28 occurs. 
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. The implementation of the analyser arrangement is achieved in various 
phases, namely: 

(a) Calibration phase; 

(b) Optional desktop analyser arrangement; and 
5 (c) ON-line analyser arrangement 

During the calibration phase, a representative set of mineral samples is 
obtained by the user. The number of known samples required at this stage 
is n=(m+l)2, where n is the number of samples, and m is the number of 
mineral mixtures to be differentiated. The accuracy of die composition of 
10 tiiese samples determines tiae final accuracy of the analyser arrangement 
according to tiae invention. An analysis and training set for the specific set 
of minerals is performed, and an expected level of accuracy is calculated. 

During the desktop analyser arrangement phase, a desktop analyser, set up 
according to the results of the caUbration phase, is constructed and 
15 includes: 

I 

An industrial computer preloaded with analysis and data storage 
software. 

At least one spectrometer, 
At least one light source, and 
20 - At least one probe assembly. 

. - -Initialiyi the system is provided with rough caHbration and tuning, 
however final tuning has to be performed over a time span, for example 
four to eight weeks, in order to achieve fiill accuracy. 
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The- spectral data of several samples and the known values for these 
samples are determined and thereafter utilised for obtaining final tuning 
parameters, to be loaded in the bench top model. 

Finally, during the on-Une analyser arrangement phase, the on-line 
analjreer arrangement in accordance with the invention is constructed. 

Accordingly, the second analyser arrangement 24 in accordance with the 
invention provides an arrangement and method to achieve accurate and 
frequent measiurements of mineral slurry flows in mineral processing 
operations. The on-line analyser arrangement provides mineral 
concentrator operations witih real-time information of the mineral 
composition of mineral slurry flows and provides the option of automatic 
plant settings and automated control or otherwise the option of frequent 
and timely manual control of plant settings. 

Referring to Figure 9, a third analyser arrangement for static analysis of a 
mineral sample in order to determine the composition of the mineral 
sample, generally indicated by reference numeral 38, is shown. 

The third analyser arrangement 38, includes a cylindrical housing 40 
having a base 42 and a lid 44. The cylindrical housing 40 is made of 
aluminium, the base 42 is constructed of mild steel and tiie lid 44 is 
constructed of PVC (polyvinyl chloride). The tiiird analyser arrangement 
38 is provided with a motor 46 for rotating a holder 48. A modified test- 
tube 50 containing the mineral sample 52 to be analysed is removably 
located in the holder 48. The third analyser arrangement 38 furthermore- 
includes a probe 54. connected to a spectrometer- (not shown) and 
surrounded by a plug 56 adapted to fit in the housing 40 and a light 
source (not shown). The third analyser arrangement 38 is associated with 
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an- indiistrial computer (not- shown) preloaded with analysis and data - 
storage software. The third analyser arrangement 38 may be provided with 
additional spectrometers and light sources. 

By means of rotating the holder 48, a greater extent of mineral surface of 
5 the mineral sample 52 being read and analysed resulting in greater 
accuracy and consistency and minimising the effects of random specular 
reflectance from mineral crystal surfaces. 

^ In addition, the third mineral spectral analyser 38 can be constructed to be 
semi-automatically calibrated when a single beam spectrometer is 
10 provided and automatically calibrated if a dual beam spectrometer or two 
single beam spectrometers are provided. 

The probe 54 is provided with two types of optical fibres (not shown), 
illuminating fibres and sensing fibres. Light emitted by the illuminating 
fibres is selectively reflected by the minerals in the mineral sample 52, and 
15 the reflected light is picked up by the sensing fibres, whereafter 
information is sent via an output to a spectrometer (not shown) which 
^ senses the spectral distribution of die Ught reflected by die minerals in die 
mineral sample 52, and transmits die digital output to a computer (not 
shown). The computer provides its output in bodi graphical user interface 
20 and in data files which is written to non-volatile storage such as a hard 
disc. 

The light emitted by the iUiaminating: fibres include visible and NIR (near 
infra-red) reflected from, die mineral sample 52 according, to the mineral 
composition and impurities tiierein. Accordingly, die spectrometer is 
25 classified as a visible and NIR spectrometer. 
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The processor thereafter identifies the digital output- or spectral 
"fingerprints^' of the different minerals in the mineral sample 52, and 
calculates the abundance of each mineral of concern in die mineral sample 
52. The computer output may include an operator user-fdendly interface. 

The third analyser arrangement 38 is associated with software being eidier 
an executable computer programme product. The software may be semi- 
automated or fiJly automated depending on the type of caUbration. 

Thus the third analyser arrangement 38, also known as a bench-top 
spectral mineral analyser or rotating mineral sampler, is utiHsed for 
analysing several mineral samples by means of the spectrometer while the 
motor 46 rotates the holder 48 and tiius also rotates die modified test 
tube 50 containing the mineral sample 52. The data of die analysed 
mineral samples is used for calibration and tuning of parameters of the 
software of the first mineral analyser arrangement 10 and die second 
mineral analyser arrangement 24 as well as firequent adjustment of 
operational plant parameters. 

Referring to Figures 10 to 13, a fourtii analyser arrangement for online 
analysis of a mineral stream in order to determine die composition of die 
mineral stteam, generally indicated by reference numeral 58, is shown. 

The fourdi analyser arrangement 58, in use located in proximity of 
mineral conveying means 60, such as a conveying belt, and conveying a 
mineral stream 62 to be analysed, includes a probe 64 projecting into die 
.. moving mineral stream 62. The mineral stream. 62 in tiie embodiment 
example consists of dry minerals. • 
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The probe 64 is provided with two types of optical fibres (not shown), 
iUuminating fibres and sensing fibres. light emitted by the iUianinating 
fibres is selectively reflected by die minerals in the mineral stream 62, and 
the reflected light is picked up by die sensing fibres, whereafter 
information is sent via the probe output 66 to a spectrometer (not shown) 
which senses the spectral distribution of die Hght reflected by die minerals 
in die mineral stream 62, and transmits die output to a data processor 
(not shown). The output of die data processor includes seven 4-20 mA 
signals, each corresponding to a percentage of mineral occurrence. 

The fourdi analyser arrangement 58 is associated widi software being 
eidier an executable computer programme product or an embedded 
binary code program product 

The light emitted by the illuminating fibres includes visible and NIR (near 
infira-red) reflected according to die mineral composition and impurities 
dierein. Accordingly, die spectrometer is classified as a visible and NIR 
spectrometer. 

The processor diereafter identifies die digital output or spectral 
"fingerprints" of die different minerals in die mineral stream 62, and 
calculates die abundance of each mineral of concern in die mineral stream 
62. The processor output may include an operator user-fiiendly interface 
or an industiy standard analog or .digital communications output 

The fourdi analyser arrangement 58 is provided widi or widiout a window 
encasing 68 to shield die probe 64 firom die mineral stream 62, and 
: enabUng die probe 64 to intemaUy illuminate die mineral stream 62. 
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Calibration of the analyser arrangement may be achieved by means of a 
bench-top analyser model where meaningful changes in the mineralogy of 
the mineral stream 62 occurs. 

The implementation of the analyser arrangement is achieved in various 
phases, namely: 

(a) Calibration phase; 

(b) Optional desktop analyser arrangement; and 

(c) ON-Une analyser arrangement 

During the calibration phase, a representative set of mineral samples is 
obtained by the user. The number of knovra samples required at this stage 
is n=(m+l)2, where n is the number of samples, and m is the number of 
mineral mixtures to be differentiated. The accuracy of the composition of 
these samples determines the final accuracy of the analyser arrangement 
according to the invention. An analysis and training set for the specific set 
of minerals is perfomied, and an expected level of accuracy is calculated. 

During the desktop analyser arrangement phase, a desktop analyser, set up 
according to the results of the calibration phase, is constructed and 
includes: 

An industrial computer preloaded with analysis, calibration and 
data storage software. 

At least one specttometer, 

At least one light soxirce, and 

At least one probe assembly. 
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. InitiaUy, the system is provided with rough calibration and tuning, 
however final tuning has to be performed pver a time span, for example 
four to eight weeks, in order to achieve full accuracy. 

The spectral data of several samples and the known values for these 
5 samples are determined and thereafter utiHsed for obtaining final tuning 
parameters, to be loaded in the bench top model calibration files. 

Finally, during the on-line analyser arrangement phase, the on-line 
analyser arrangement in accordance with the invention is constmcted. 

Accordingly, the fourth analyser arrangement 58 in accordance widi the 
10 invention provides an arrangement and method to achieve accurate and 
firequent measurements of mineral streams in mineral processing 
operations. The on-line analyser arrangement provides mineral 
concentrator operations with real-time information of die mineral 
composition of mineral streams and provides the option of automatic 
15 plant settings and automatic control or otiierwise tiie option of firequent 
and timely manual control of plant settings resulting in improved 
beneficiation. 
Date: 21Jtme2Q02 
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LIST OF REFERENCE NUMERALS 
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First analyser atrangement 
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Mineral conveying means 
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Mineral stream 
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16 


Probe 
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Probe output 
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Light source 
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Mechanical shield 
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Second analyser arrangement 
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26 


Mineral conveying means 
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Mineral slurry flow 
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Probe 
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Probe output 
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Protective housing 
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36 


Transparent window 
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Third analyser arrangement 
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Cylindrical housing 




42 


Base 
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44 lid 

46 Motor : 

48 Holder 

50 Modified test tube 

5 52 Mineral sample 

54 Probe 

56 Plug 

58 Fourth analyser arrangement 

60 Mineral conveying means 

10 62 Mineral stream 

64 Probe 

^ 66 Probe output 

68 Window encasiag 
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